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Abstract
Military installations present unique challenges to
natural resource managers managing wildlife
populations. For those species that are hunted or
trapped, it is important to provide data to these
installations for achieving sustainable harvests. Pine
Bluff Arsenal (PBA), a military installation in
southeastern Arkansas, manages for a host of wildlife
species including white-tailed deer (Odocoileus
virginianus). However, baseline data regarding
population size for deer are lacking. We used infrared
technology and distance sampling to estimate the size
of the winter, post-harvest deer population on PBA.
We identified 9 competing models. The best model
provided an estimate of density of 0.245 deer/ha (CV =
43%) with a mean group size of 3.3 deer. This density
estimate will serve as a baseline value for evaluating
future management actions.
Introduction
Natural resource management is important to
military installations and supports the military mission
(Campbell et al. 1997). Forestry programs on military
installations are often self-sufficient, providing revenue
from timber sales, areas for military training, and
protection of infrastructure through the removal of
high-risk trees. Wildlife management practices, unlike
forestry, often are not self-sufficient but rely on
revenue from hunting and fishing licenses. Although
natural resource management supports the military
mission overall, it is restricted by military policies
(Campbell et al. 1997). Open areas surrounding
buildings have grass height restrictions and cannot be
manipulated for wildlife habitat. Secure areas,
surrounded by high fences topped with barbed wire,
are off-limits to hunters and limit wildlife movement.
Some species, such as white-tailed deer (Odocoileus
virginianus), can jump over high fences, but are
occasionally mortally injured in the attempt (Campbell
et al. 1997).
After the terrorist attack of 9-11-2001, many
military installations were closed to hunting (personal
communication, WES). Unmanaged deer populations
can reach high densities resulting in economic losses to
forests, increase deer-vehicle collisions, and facilitate
the spread of both human and animal diseases (Côté et
al. 2004). Consequently, high harvest rates were
needed to reduce population density when deer hunting
was allowed again (personal communication, WES).
Deer populations on military installations have
been studied in a variety of ways. Dinkines et al.
(1992) assessed causes of mortality on the Fort Sill
Military Reservation, a field artillery and missile
training center in Oklahoma, finding that sportsmen
accounted for 28% of deer mortality. Weckerly et al.
(2005) assessed hunter effort-harvest size relationships
on the Milan Army Ammunition Plant (MLAAP) in
Tennessee, finding that hunters harvested deer with
less effort at MLAAP than other areas. Although there
have been studies conducted on deer mortality and
harvest, there is a lack of published research relative to
estimating density.
There are several methods used to index deer
populations including spot light counts, thermal imager
counts, drive counts, and aerial counts (Lancia et al.
2005) Indices require knowing a detection probability
to provide reliable population size estimates (Lancia et
al. 2005) and follows the relationship:
b
(1)
where is the population estimate, C is the count, and
is the detection probability. Detection probabilities,
however, are affected by other factors related to the
observer, the environment, and the species itself. As a
result, indices are not reliable and population estimates
should be used (Anderson 2001).
There are several methods used to estimate
population size including mark-recapture, double-
sampling, and distance sampling. Mark-recapture and
double-sampling are typically more expensive than
distance sampling, however. Distance sampling is a
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widely applied, reliable and accepted method used to
provide population estimates (Gill et al. 1997,
Buckland et al. 2001).
Reliable information relating to population size
over time is necessary to assess trends of population
growth rates. Since 2009, observations of does with
two fawns have been rare occurrences on the Pine
Bluff Arsenal (PBA, personal communication, WES).
Harvest reports from the 2009-2010 hunting season on
PBA indicated that the age structure of the deer
population was heavily skewed toward older does
(unpublished data). These indications have raised
concerns about the population density and structure.
Harvest data can provide information on population
structure, but there are no data in relation to density
and harvest as of yet.
The purpose of this study was to establish a
baseline population estimate for white-tailed deer on
the PBA to develop a management plan for reaching
and maintaining a target population size.
Materials and Methods
Study Area
The study area was on the PBA, located in
Jefferson County, Arkansas, USA. It is bounded on the
east by the Arkansas River, on the north by the
National Toxicological Research Center, and on the
west and south by private land (Figure 1). PBA is
about 5440 ha in size. There are over 200 km of roads
dissecting the arsenal. Elevation ranges from 59.4 to
103.6 m above sea level and gradually slopes down
toward the Arkansas River. The mean annual
temperature was 16.9 °C and the mean monthly winter
precipitation was 13.5 cm.
PBA is in the Mississippi Alluvial and the West
Gulf Coastal Plains and is dominated by eastern
cottonwood (Populus deltoids), box elder (Acer
negundo), hickory (Carya spp.), oak (Quercus spp),
bald cypress (Taxodium distichum), loblolly pine
(Pinus taeda), and river birch (Betula nigra) (Campbell
et al. 1997). Additional vegetation in the understory
includes ironwood (Carpinus caroliniana), persimmon
(Diospyros virginiana), and privet (Ligustrum sinense).
Wetlands are dominated by black willow (Salix nigra)
and green ash (Fraxinus pennsylvanica), with a
buttonbush (Cephalanthus occidentalis) shrub under
story. Grassland areas are dominated by little bluestem
(Andropogon scoparius), panic grass (Panicum
anceps), velvet panic (Panicum scoparium), grass-
leaved golden aster (Heterotheca graminifolia), and
hoary pea (Tephrosia onobrychoides). Soils are loamy
Figure 1. Boundary of Pine Bluff Arsenal, Jefferson County,
Arkansas. Study route, areas unavailable to deer (i.e. industrial
areas, parking lots, roads, bodies of water), and areas available to
deer.
and sandy, primarily of Crevasse-Oklared, Pheba-
Savannah-Amy, Calloway-Grenada-Henry, and Sacul-
Sawyer-Savannah associations (Becker 1998).
Parts of the arsenal were developed into cover
types that were not favorable for deer, including
developed areas and water bodies. High fences topped
with razor wire surrounded secure areas. Industrial
areas, buildings, and parking lots made up 6.9% of the
arsenal’s area and did not provide habitat for deer.
Bodies of water made up 3.6% of the arsenal’s total
area. Areas that were favorable for deer were managed
by timber stand improvement harvests and prescribed
burns. The property was divided into compartments
that allowed no hunting, hunting with archery
equipment only, or hunting with shotguns. The deer
harvest season on PBA was concurrent with the
statewide season.
Surveys
We established a 41.2 km long route that
encompassed much of the arsenal (Figure 1). The route
was subjectively placed to sample areas of high- and
low-density roads and areas with different hunting
restrictions. A total of 12 line transects, each sampled 8
times, was used. Line transects were each 1.7 km in
length and spaced 1.7 km apart along the route.
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Transects established on roads incur a certain amount
of bias (Buckland et al. 2001), but we believe the route
chosen was representative of the arsenal due to the
large number of roads present.
Each sampling period began one half hour after
sunset. One observer stood in the back of a pickup
truck that was driven 8-16 km/hr and observed the
landscape on one side of the road using a thermal
imager (FLIR T620, Boston, MA). We alternated
starting direction and observation side each sampling
period to observe the same area but reduce time bias.
When groups of deer were located, we used a spotlight
to determine sex and age (fawn or adult) of the deer
and measured the distance with a rangefinder (Bushnell
Scout 1000, Overland, KS) and bearing with a compass
to the center of the group. We recorded time and the
vehicle coordinates at each location with a Trimble
(Geo-XM, Trimble, Sunnyvale) Global Positioning
System (GPS) unit.
Population Estimation
We used a Geographic Information System (GIS)
to estimate the total area available to deer. We
subtracted the areas of several bodies of water and
developed areas that were considered unavailable
habitat. We also subtracted a 20 m buffer from all
roads in the study area to eliminate the area associated
with road bias. After subtracting the total area
unavailable to deer as habitat from the total area of
PBA, we determined there to be 4243 ha of habitat
available to deer (Figure 1).
We used the vehicle location, distance and bearing
to calculate locations of deer groups using
trigonometry. We measured the perpendicular distance
from each deer location to the transect using GIS.
We used Program DISTANCE 6.0 (Buckland et al.
2001) to estimate deer density. We set the sampling
fraction to 0.5 because we only sampled one side of the
transect lines on each survey. We used the following
models (key function/series expansion) because of
their robustness as recommended by Buckland et al.
(2001) to estimate density: half normal/cosine, half
normal/hermite polynomial, half normal/simple
polynomial, uniform/cosine, uniform/hermite
polynomial, uniform/simple polynomial, hazard-
rate/cosine, hazard-rate/hermite polynomial, and
hazard-rate/simple polynomial. We used size-biased
regression models to eliminate a dependence of
detection probability on cluster size. We ran all models
with 5% right-truncation. Initial analyses indicated a
trough in observations near the line (Figure 2a). To
address the trough, we conducted two separate
analyses following the methods of Ward et al. (2004).
In addition to right-truncating the data, we also
eliminated the trough near zero by left-truncating at 20
m and rescaling the data. Second, we pooled data into
distance categories that accommodated the trough such
that distance sampling could be employed. We did this
knowing that the former approach results in over-
estimation of density and the latter approach results in
underestimation of density. We selected the best model
based on the minimum Akaike’s Information Criterion
with a correction for small sample sizes (AICC; Akaike
1973, Buckland et al. 2001). We calculated density
estimates, effective strip width (ESW; the distance
from the line for which an equal number of animals are
detected as are missed; Buckland et al. 2001) upper
and lower 95% confidence levels for densities,
goodness of fit (GOF) statistics, coefficients of
variation, and weight for each model. Population size
was based on 4243 ha of available habitat (Figure 1)
and the estimated population density.
Results
A total of 200.7 km was surveyed on 8 nights from
27 January to 17 February 2012. A total of 98 groups
of deer was detected, with a mean group size of 3.3
deer (Table 1).
Table 1. Summary of white-tailed deer group sizes
observed during thermal imager surveys at Pine Bluff
Arsenal during January and February 2012.
Group Size
Date
# of
Groups
# of
Deer Mean SE
27-Jan 10 27 2.7 0.52
28-Jan 7 21 3.0 0.54
30-Jan 16 54 3.4 0.52
4-Feb 9 23 2.6 0.67
6-Feb 10 24 2.4 0.37
11-Feb 21 94 4.5 0.80
16-Feb 9 30 3.3 0.78
17-Feb 16 47 2.9 0.25
Total 98 320 3.3 0.23
Of the 9 models examined, 4 were found to be
competing models (i.e., AICC  ≤ 2.0) in each analysis 
(Table 2). For the right-truncation, the uniform key
function with a simple polynomial adjustment modeled
the data best (Figure 2b), the detection rate ranged
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from 0.58 to 0.73, the ESW was 93.6 m, the density
estimate was 0.170 deer/ha (CV = 43%, 95% CI =
0.170-0.414), and the estimated population size was
722 deer (95% CI = 297-1756). For the right- and left-
truncated analysis, the half normal key function
modeled the data best (Figure 2c). The detection rate
ranged from 0.38 to 0.53, the ESW was 63.8 m, the
density estimate was 0.245 deer/ha (CV = 43%, 95%
CI = 0.101-0.594), and the estimated population size
was 1040 deer (95% CI = 429-2521).
Discussion
Management goals dictate the desired population
density of exploited populations. Most work examining
the effect of deer density on vegetation or bird
populations has been conducted in the northeast or
upper mid-west of the United States (deCalesta 1994,
Augustine et al. 1998, McShea and Rappole 2000). For
example, Augustine et al. (1998) found deer in
southeastern Minnesota should be managed at densities
Figure 2. Detection probability plots for white-tailed deer using forward-looking infrared survey data collected at Pine Bluff Arsenal during
Janurary and February 2012. Three models are shown using alternative truncation methods. The trough present in a model without any truncation
is shown in (a), 5% right-truncation only is shown in (b), and 5% right-truncation and left-truncation with rescaling is shown in (c).
Table 2. Distance sampling results for white-tailed deer using forward-looking infrared survey data collected at Pine
Bluff Arsenal during January and February 2012.
Density (deer/ha)
Modela AICCb ∆AIC LCLc Estimate UCLd
Detection
Rate
GOFe
p-value CVf Weightg
Right-truncation
USP 236.31 0.00 0.070 0.170 0.414 0.650 0.972 0.425 0.1925
UHP 236.51 0.20 0.068 0.166 0.405 0.667 0.883 0.425 0.2126
HN 237.05 0.74 0.073 0.178 0.437 0.594 0.673 0.432 0.2788
UC 237.30 0.99 0.075 0.183 0.445 0.581 0.588 0.445 0.3161
Right- and left-truncation
HN 253.05 0.00 0.101 0.245 0.549 0.449 0.880 0.426 0.1376
UC 254.46 1.42 0.105 0.254 0.618 0.431 0.983 0.428 0.2794
HNC 254.53 1.48 0.108 0.265 0.652 0.410 0.909 0.439 0.2888
HR 254.57 1.52 0.100 0.246 0.604 0.458 0.967 0.436 0.2942
a Models included USP = Uniform key function with a simple polynomial adjustment, UHP = Uniform key function with a hermite polynomial adjustment, HN
= Half normal key function, UC = Uniform key function with a cosine adjustment, HNC = Half normal key function with a cosine adjustment, and HR =
Hazard-rate key function.
b AICC = Akaike information criterion value corrected for small sample size.
c LCL = Lower confidence limit (95%).
d UCL = Upper confidence limit (95%).
e GOF = Goodness-of-fit.
f CV = Coefficient of variation.
g Weight based on AIC values.
(a) (b) (c)
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lower than 0.075 deer/ha or 0.149 deer/ha, depending
on the stable state for forests to recover from browsing.
Augustine et al. (1998) found that the grazing of deer
in highly dense populations (i.e., 0.149 deer/ha) can
extirpate populations of wood nettle (Laportea
canadensis), while low deer densities (i.e., 0.075
deer/ha) allow persistence of wood nettles, and
intermediate deer densities will either extirpate wood
nettles or allow them to persist, depending on whether
they are in low or high abundance initially. As another
example, Allegheny hardwood stands being managed
for songbirds should have deer densities maintained
under 1 deer/12.7 ha or 1 deer/6.7 ha because both
densities represent a threshold over which songbird
species richness and abundance decline due to lack of
vegetation (deCalesta 1994). The current point estimate
of deer density on PBA is 0.24 deer/ha and is in excess,
though only slightly, of that recommended to maintain
vegetation or bird densities (deCalesta 1994, Augustine
et al. 1998). Functionally, deer can reduce
composition and abundance of bird and vegetation
species on a site (McShea and Rappole 2000). The
same impact is expected on other sites, such as PBA.
Because differences in locations exist, however, the
deer density required to make those changes likely
varies also.
The density of deer on PBA was intermediate
compared to the reported densities of deer at other
locations in eastern Arkansas. Cutoff Creek Wildlife
Management Area in Drew County, Lakeside Hunting
Club in St. Francis County, and Wingmead Farms in
Prairie County had lower reported densities (0.104
deer/ha; 0.056 deer/ha; 0.233 deer/ha, respectively,
Kissell and Nimmo 2011) than PBA. Choctaw Island
Wildlife Management Area in Desha County had a
higher reported density (0.313 deer/ha) than PBA.
Choctaw Island, Lakeside Hunting Club and
Wingmead Farms were not heavily hunted prior to the
estimates being provided and each had agricultural
crops available to deer as a source of forage; Cutoff
Creek, a predominately bottomland hardwood area,
along with Lakeside Hunting Club were prone to
flooding and this likely affected population sizes.
Though PBA does not have agricultural crops
available, the population is capable of reaching high
densities.
The initial analysis showed both a trough close to
zero and few observations at the right-hand tail of the
detection curve. The right-truncation was necessary to
eliminate outliers and improve the model fit. The
trough was problematic because there should be a
“shoulder” at zero distance from the line, where the
highest probability of sighting an animal should exist
(Figure 2a; Buckland et al. 2001). As Ward et al.
(2004) did, we left-truncated at 20 m and rescaled the
data to eliminate the trough. The left truncation only
removed nine clusters. If there had been more clusters
near the transect, it may have been possible to estimate
near-road density.
Our best model had a CV = 0.425, a level
exceeding that required for accurate management
(Skalski et al. 2005). The precision of density estimates
depends upon the number of replicates with a
minimum of 10-20 recommended (Buckland et al.
2001). A minimum of 60-80 observations is
recommended by Buckland et al. (2001) to provide a
reliable estimate of density. We included 93
observations after right-truncation and 85 after right-
and left-truncation.
The thermal camera allowed us to detect deer even
when vegetation obscured them from sight. It also
lessened the probability of disturbing the deer because
groups were located and recorded before we were
perpendicular to them. Spotlight surveys are less
expensive than infrared surveys, but detectability is
often lower (Tappe and Kissell 2006). In a comparison
of spotlight and thermal infrared imaging surveys,
Tappe and Kissell (2006) detected 2.4 times more
groups and 3.4 times more deer using an infrared
imager than a spotlight. It is more efficient for research
and management purposes to use a method more
capable of collecting data to estimate deer densities.
Three basic assumptions are required for distance
sampling (Buckland et al. 2001). The first assumption
is that all objects on the line were detected. Our data
indicated a trough of distances near the line. The
observed distances from the line may have been due to
the behavior of the species in relation to the edge
and/or the road. Deer may have demonstrated
avoidance of the road due to traffic or were drawn to
edge for foraging. Ward et al. (2004) noted the same
issue with Roe deer (Capreolus capreolus). There is
likely spatial variation in deer density across areas with
edge, but the effect of how roads interact with edge is
unknown.
The second assumption is that objects were
detected at their initial locations. The thermal camera
allowed us to detect deer from farther away, which
allowed us to record their location without disturbing
them. We did not observe movement by deer in
response to the observers when first detected whether
they were on the road or at a distance from the road.
However, we were not aware of the behavior of the
deer prior to detection so this assumption still stands.
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The third assumption, that measurements were
exact, we believe was met. We used GPS units,
compass bearings, and a rangefinder to determine deer
locations and perpendicular distances were measured
in a GIS. The spotlight was not bright enough to allow
observers to use the rangefinder to find exact distances
for the farthest groups, but the largest 5% of distance
observations were truncated before analysis so they did
not affect the data analysis in any way.
Before our survey began, the deer population was
thought to be much larger. It was not unusual to see
very large groups of deer in open areas. Seeing large
groups in one area consistently led to the belief that
there may have been 1000 or more deer on the arsenal.
PBA’s current deer density is similar to proposed
target densities, but reducing the population would
lower the density beneath thresholds for diversity. It
would be beneficial to manage the deer at a lower
density in the future if diversity of vegetation and
vertebrates are a priority.
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